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Introduction
Waterlogging of soils commonly occurs in Louisiana because of high
rainfall and poor surface and internal drainage of some soils. Soils that
are used for rice culture are intentionally waterlogged during most of
the growing season. The biological and physicochemical changes that
accompany waterlogging, or submergence, are important in determining
the suitability of the soil for crop production. The availability of several
plant nutrients and the production of toxic substances in the soil are
influenced by the restriction in soil aeration resulting from submergence.
The properties of a waterlogged soil are substantially different from
those of a well-drained soil. In a well-drained soil there is enough oxygen
available from the atmosphere to supply the needs of microorganisms
and higher plants. Flooding the soil changes this condition completely.
Air movement through the flood water is restricted and the soil no
longer has an adequate supply of oxygen. In the absence of oxygen,
facultative anaerobes and true anaerobes become active. Reduced organic
and inorganic substances are produced. Many oxidation-reduction sys-
tems in the soil that are important to the nutrition of plants are affected
by the anaerobic conditions that result from waterlogging. Nitrate nitro-
gen present in the soil is subject^ to denitrification and loss from the
soil. Organic matter decomposition is usually slower and less complete
under anaerobic conditions. Combined nitrogen released through organic
matter decomposition accumulates in the ammonium form since aerobic
conditions are necessary for the microbial oxidation of ammonia to
nitrate. Anaerobic conditions also result in the reduction of iron and
manganese compounds to more mobile forms. If the reduction is intense
enough, sulfate will be reduced to sulfide. Soil pH is also influenced by
submergence. The pH values of reduced soils are generally higher and
have a narrower range than pH values of well-drained soils.
This study was designed to measure the effect of waterlogging on
several biological and physicochemical properties of Louisiana soils that
are important to plant nutrition and growth. More specifically, this
study involved an investigation of:
(1) Nitrate reduction rates under submerged conditions.
(2) Accumulation of ammonia under submerged conditions.
(3) Accumulation of ferrous iron and manganous manganese in
the soil under submerged conditions.
(4) Release of phosphorus from a nonextractable to an extractable
form as a result of submergence.
(5) Effect of submergence on pH, redox potential, and specific
conductivity of the soil.
iFormerly Graduate Assistant and Professor of Agronomy, respectively.
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Materials and Methods
Twenty-six Louisiana soils were used in this investigation. All soil
samples were taken from the plow layer of cultivated fields. Information
on the cropping systems in the fields from which the samples were
taken is given in Table 1. After sampling, the soils were air-dried, mixed,
and passed through a 32-mesh sieve. The soil properties pertinent to
this investigation are shown in Table 2.
This study was conducted both with and without added organic
matter. Organic matter was applied to the soil in the form of ground
corn leaves. The rate of application was 0.25 per cent on an air-dry basis.
Nitrate Reduction
The nitrate reduction experiment was designed to measure the rate
of nitrate reduction as a result of flooding a moist soil with and with-
out additional organic matter. Eighteen 5-gram air-dry samples of each
soil were weighed into 15 x 125-millimeter test tubes and wetted with
distilled water to one-third atmosphere moisture values. The samples
were incubated for two weeks at 30° C. Nitrate nitrogen was then added
TABLE L—Soils and Cropping Systems
No. Soil Parish Crop CTonnino* Svsff»m
1 Commerce Tensas Cotton Cotton, winter cover crop
2 Mhoon Tensas Snvhpa n q v^KJU-iJUf 3LiyuCa.llo, LUX 11
3 Commerce Tensas Cotton Cotton
4 Mhoon Tensas Corn Cotton, soybeans, corn
5 Sharkey Tensas Soybeans Soybeans, cotton
6 Richland Franklin Cotton Cotton
(Loring)
7 Olivier Franklin Cotton Cotton, corn
8 Lintonia Franklin Corn Cotton, corn
(Memphis)
9 Gallion Caldwell Soybeans Cotton, soybeans
10 Yahola Rapides Sugarcane Sugarcane, cotton
11 Miller Bossier Cotton Cotton, soybeans, corn
12 Yahola Bossier Cotton Cotton, soybeans, corn
13 Yahola Bossier Cotton Cotton, soybeans, corn
14 Sharkey E. Baton Rouge Sugarcane Sugarcane, soybeans
15 Sharkey* E. Baton Rouge Fallow Sugarcane
16 Sharkey* E. Baton Rouge Fallow Sugarcane
17 Sharkey* E. Baton Rouge Fallow Sugarcane
18 Crowley Acadia Sudan grass Rice, pasture
19 Baldwin St. Mary Sugarcane Sugarcane
20 Mhoon Lafourche Sugarcane Sugarcane
21 Baldwin St. Mary Sugarcane Sugarcane
22 Baldwin St. Mary Sugarcane Sugarcane
23 Midland Acadia Rice Rice, pasture
24 Richland Lafayette Sugarcane Sugarcane, soybeans
(Loring)
25 Commerce W. Baton Rouge Sugarcane Sugarcane, soybeans
26 Iberia St. Mary Sugarcane Sugarcane
Formerly classified as Mhoon.
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to the soil at a concentration of 250 parts per million and the soil sub-
merged. The submerged soils were incubated at 30° C. and sampled pe-
riodically for 32 days. After sampling, the tubes were stored in a
freezer maintained at —20° C. until the experiment terminated, at
which time all of the samples were analyzed for nitrate nitrogen.
Nitrate nitrogen in the samples was extracted by shaking for 30
minutes on a mechanical shaker with 30 milliliters of distilled water and
approximately 0.2 gram of calcium hydroxide. Aliquots of the filtrate
were quantitatively analyzed for nitrate using phenoldisulfonic acid.
The nitrate reduction rates were calculated by determining the regres-
sion coefficient of the equation relating nitrate concentration to length of
time submerged. The method of least squares was used for this calcula-
tion.
Ammonia Accumulation
The production of ammonium nitrogen under flooded conditions was
studied by flooding duplicate 5-gram samples of air-dry soil in 15 x 125-
millimeter test tubes with 5 milliliters of distilled water. The samples
were incubated for 30 days at 30° C. and then were frozen at —20° C.
until analyzed.
Ammonium ions in the samples were extracted by shaking for 30
minutes on a mechanical shaker with 30 milliliters of 10 per cent
sodium chloride solution of pH 2.5. Aliquots of this filtrate were quan-
titatively analyzed for ammonium nitrogen by the direct nesslerization
method recommended by the American Public Health Association (1) .2
Iron and Manganese Mobilization
Changes in extractable iron and manganese caused by submergence
were studied in an experiment similar to that for ammonia accumula-
tion. Five-gram samples of soil were incubated for 30 days at 30° C.
Iron and manganese were extracted by shaking the soil for 20
minutes on a mechanical shaker with 50 milliliters of normal sodium
acetate solution of pH 2.8. The iron extracted was determined by the
colorimetric dipyridyl method according to the procedure of Kumada
and Asami (5) . Extractable manganese was determined by a modification
of the method developed by Peech et al. (8) .
pH
Fifty grams of air-dry soil were flooded with 50 milliliters of water
in a 150-milliliter beaker. The samples were kept at a room temperature
of approximately 25° C. Measurements of pH were made at the start
(30 minutes after flooding) and at monthly intervals for four months.
These determinations were made with a Beckman Zeromatic pH meter
with glass and calomel electrodes which had been standardized at pH
values of 7.0 and 5.0.
2ltalic numbers in parentheses refer to List of References on Page 28.
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Specific Conductivity
Seventy-five grams of air-dry soil were flooded with 75 milliliters of
distilled water in a 250-milliliter Erlenmeyer flask. The samples were
kept at a room temperature of approximately 25° C. Specific conductivity
measurements were made at the start (30 minutes after flooding) and
after 30 days. Specific conductivity was determined with a U. S. Bureau of
Soils electrode cup using a conductance bridge.
Redox Potential
This experiment was designed to measure the redox potential (Eh) of
the soil at different times after flooding. Special platinum electrode tubes
were constructed by sealing a 1-inch piece of 18-gauge platinum wire in
the side near the bottom of 20 x 150-millimeter Pyrex test tubes. Before
starting the experiment, the platinum electrodes were cleaned electroly-
tically in normal hydrochloric acid. This was done by connecting the
positive pole of a 22i/2-volt dry cell battery to a carbon electrode and
connecting the negative pole of the battery to the platinum electrode
and allowing hydrogen to bubble from the platinum electrode for 3
minutes. The platinum electrodes were then checked by comparing
the redox potential of quinhydrone solutions of pH 4.00 and 7.00
with previously calculated values appearing in Beckman Instruments
Bulletin 99-D.
Fifteen grams of air-dry soil were weighed out in these electrode
tubes, flooded with an excess of distilled water, and incubated at 30° C.
Redox potential measurements were made within a few minutes after
flooding, 12 hours after flooding, and subsequently at daily intervals for
32 days. Only the values obtained a few minutes after submergence and
after 30 days are reported. Redox potential measurements were made with
a Beckman Zeromatic pH meter using the platinum electrode and a
saturated calomel half-cell. Redox potential values were converted into
millivolts versus the normal hydrogen electrode.
Extractable Phosphorus
Extractable phosphorus changes in flooded soils were studied in an
experiment similar to that used for ammonia accumulation and iron
mobilization. Duplicate 5-gram samples were incubated for 30 days at
30° C.
Phosphate was extracted by shaking for 15 minutes on a mechanical
shaker with 100 milliliters of 0.1 normal hydrochloric acid and 0.03 nor-
mal ammonium fluoride solution. Aliquots of this filtrate were colori-
metrically analyzed for phosphorus by the method of Dickman and
Bray {4) .
Results and Discussions
Nitrate Reduction
All of the soils had the capacity to reduce nitrate under submerged
conditions (Table 3) . Where no organic matter was added, nitrate re-
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TABLE 3.—Nitrate Reduction Rates Under Submerged Condition With and Without
Added Organic Matter (0.25 Per Cent Ground Corn Leaves)
Loss of nitrogen in parts per million per day
Flooded, Flooded,
i\0. bon no O.M. added O.M. added
1 Commerce 1 2.31 2.67
2 Mhoon sic 4.08 5.17
3 Commerce 1 1.94 3.51
4 Mhoon sicl 2.06 6.57
5 Sharkey c 5.49 7.84
6 Richland sil 2.67 5.90
7 Olivier sil 3.35 6.42
8 Lintonia sil 2.93 5.75
9 Gallion sil 2.46 3.28
10 Yahola sil 1.56 3.29
11 Miller sic 3.87 4.15
12 Yahola si 1.94 2.64
13 Yahola 1 3.10 5.90
14 Sharkey cl 2.20 3.13
15 Sharkey si 2.05 3.07
16 Sharkey sic 4.71 4.80
17 Sharkey 1 2.44 3.67
18 Crov^ley sil 0.84 1.81
1 o Baldwin sicl 4.34 6.32
20 Mhoon sicl 3.11 3.04
21 Baldwin sicl 3.02 5.90
22 Baldwin sicl 2.59 4.47
23 Midland sicl 3.10 4.67
24 Richland sil 2.24 1.91
25 Commerce si 0.49 0.87
26 Iberia c 9.42 9.64
Difference
+0.36
+ 1.09
+ 1.57
+4.51
+2.35
+3.23
+3.07
+2.82
+0.82
+1.73
+0.28
+0.70
+2.80
+0.93
+ 1.02
+0.09
+ 1.23
+0.97
+ 1.98
-0.07
+2.88
+ 1.88
+ 1.57
-0.33
+0.38
+0.22
duction rates ranged from 0.49 parts per million per day in the Com-
merce sandy loam (Soil No. 25) to 9.42 parts per million per day in the
Iberia clay (Soil No. 26) . Nitrate reduction rate was closely related to
clay content and organic matter content, with correlation coefficients of
0.820 and 0.596, respectively (Figures 1 and 2)
.
The addition of 0.25 per cent ground corn leaves increased the
nitrate reduction rate in most cases. The change in nitrate reduction rate
as a result of the addition of organic matter was by no means consistent,
ranging from a decrease of 0.33 parts per million per day in Richland
silt loam (Soil No. 24) to an increase of 4.51 parts per million per day
in Mhoon silty clay loam (Soil No. 4) . The extent to which these soils
reacted to the additional energy source was probably determined by
the amount of easily decomposable organic matter in the soil as well
as the population of denitrifying microorganisms in the soil.
Ammonia Accumulation
The results in Table 4 clearly indicate that flooding brought about
large increases in ammonium nitrogen. Where no organic matter was
added, the ammonia concentration after submergence ranged from 16.3
8
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FIGURE 1.—Relation of nitrate reduction rate to clay content.
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FIGURE 2.—Relation of nitrate reduction rate to organic matter content.
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TABLE 4.—Ammonia Production Under Submerged Condition for 30 Days With and
Without Added Organic Matter (0.25 Per Cent Ground Corn Leaves)
Ammonium nitrogen, parts per million
Flooded, Flooded,
No. Soil Initial no u.M. auaea O.M. added
1 Commerce 1 8.5 44.7 122.2
2 Mhoon sic 12.0 101.7 191.8
3 Commerce 1 22.2 44.6 143.2
4 Mhoon sicl 7.3 72.2 133.2
5 Sharkey c 16.7 140.6 142.4
6 Richland sil 13.6 66.4 204.8
7 Olivier sil 13.4 65.3 209.4
8 Lintonia sil 13.7 52.9 135.6
9 Gallion sil 11.0 70.9 125.9
10 Yahola sil 4.8 36.2 95.4
11 Miller sic 9.4 49.3 128.6
12 Yahola si 7.4 16.3 45.1
13 Yahola 1 3.9 34.6 99.0
14 Sharkey cl 5.3 24.0 83.3
15 Sharkey si 3.6 19.4 78.5
16 Sharkey sic 12.8 72.5 156.8
17 Sharkey 1 7.2 40.4 132.4
18 Crowley sil 13.9 50.0 133.8
19 Baldwin sicl 44.2 80.9 244.3
20 Mhoon sicl 8.7 105.9 136.6
21 Baldwin sicl 22.3 92.0 231.8
22 Baldwin sicl 40.3 134.4 171.2
23 Midland sicl 10.2 100.4 149.6
24 Richland sil 14.9 44.1 135.4
25 Commerce si 15.8 34.3 93.4
26 Iberia c 67.7 109.1 250.7
parts per million in the Yahola sandy loam (Soil No. 12) to 141 parts
per million in the Sharkey clay (Soil No. 5). Soils high in organic
matter produced larger amounts of ammonia, as is indicated in Figure 3.
The amount of nitrogen available from the soil to a lowland rice crop
is obviously dependent on the organic matter content.
With the addition of 0.25 per cent ground corn leaves, submergence
caused an even greater release of ammonia. The increases of ammonia
due to the addition of corn leaves ranged from 1 part per million in the
Sharkey clay (Soil No. 5) to 163 parts per million in the Baldwin silty
clay loam (Soil No. 19) . In some of the soils the added organic matter
apparently stimulated the mineralization of nitrogen in excess of that
contained in the corn leaves.
Iron and Manganese Mobilization
After submergence for 30 days, almost all of the extractable iron in
the soil was present in the ferrous form. For this reason the results re-
ported in Table 5 are for ferrous iron only. Under submerged conditions
ferrous iron concentrations varied from 567 parts per million in the
Yahola sandy loam (Soil No. 12) to 2,230 parts per million in the
10
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after submergence of soil.
Sharkey clay (Soil No. 5). Submergence resulted in a very large re-
lease of iron, since the amount of iron extracted from the air-dry soil
ranged from 3.3 to 18.7 parts per million (Table 2). Ferrous iron con-
centration after submergence was positively correlated with clay and
organic matter, with r values of 0.625 and 0.674, respectively. The re-
lationship of ferrous iron to soil organic matter content is shown in
Figure 4. Organic matter serves as an energy source for the microorgan-
isms that reduce ferric iron to the ferrous form. This reduction may be
enzymatic, with ferric iron serving as an electron acceptor in metabolic
11
TABLE 5.-Extractable Ferrous Iron As Affected by Submergence for 30 Days With
and Without Added Organic Matter (0.25 Per Cent Ground Com Leaves)
Ferrous iron, parts per million
Flooded,
No. Soil Initial no O.M. added
1 Commerce 1 6.9 1,350 1,350
2 Mhoon sic 4.4 2,110 2,110
3 Commerce 1 1,630 1,580
4 Mhoon sicl 4 0 2,110 2,110
5 Sharkey c 8 2 2,230 2,240
6 Richland sil 1,260 1.870
7 Olivier sil 3 9 1,940 2,030
8 Lintonia sil 3 7 1,790 2,000
9 Gallion sil fi 2 1,210 1,220
10 Yahola sil 4.8 661 722
11 Miller sic 3.4 1,990 1,960
12 Yahola si 567 661
13 Yahola 1 3 7o./ 1,340 1,370
14 Sharkpv rl O.D 1,440 2,000
15 Sharkey si O.O 883 1,020
16 Sharkey sic O.O 2,080 2,070
17 Sharkey 1 1,830 1,910
18 Crowley sil 9 51 1,860 1,930
19 Baldwin sicl 8 90.4 1,990 2,000
20 Mhoon sicl d 9 2,080 2,060
21 Baldwin sicl 6.8 2,080 2,050
22 Baldwin sicl 4.7 2,150 2,130
23 Midland sicl 5.2 1,300 1,300
24 Richland sil 2.8 1,910 1,990
25 Commerce si 5.0 700 700
26 Iberia c 7.4 2,180 2,210
reactions of the organism, or the iron may be reduced chemically by the
reduced organic products of microbial decomposition.
Ferrous iron was not increased in all soils by adding 0.25 per cent
ground corn leaves to the soils before flooding (Table 5), although
many of the soils showed an increase. The effect of added organic matter
ranged from an increase of 610 parts per million in the Richland silt
loam (Soil No. 6) to a decrease of 50 parts per million in the Commerce
loam (Soil No. 3)
.
Ferrous iron after submergence tended to be higher in soils of low
initial pH (Figure 5) . A greater release of ferrous iron after submer-
gence can be expected in the more acid soils, since the higher hydrogen
ion activity results in more iron being released from crystalline forms and
being present in the soil as reducible iron oxide.
Manganese mobilization was markedly increased after flooding the
soil, as may be seen in Table 6. The increase ranged from 33.6 parts
per million manganese for the Commerce sandy loam (Soil No. 25) to
1,290 parts per million manganese in the Olivier silt loam (Soil No. 7)
.
These increases were due to the reduction of manganic compounds to
a more extractable form as a consequence of the anaerobic metabolism
12
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FIGURE 4.-Ef£ect of soil organic matter content on extractable ferrous iron in
submerged soils.
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FIGURE 5.-Relation between initial soil pH and ferrous iron extracted from sub-
merged soils.
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TABLE 6.-Extractable Manganese As Affected by Submergence for 30 Days With and
Without Added Organic Matter (0.25 Per Cent Ground Com Leaves)
Manganese, parts per million
No. Soil Initial
Flooded,
no O.M. added vy.ivj.. 411J.U.CU.
1 Commerce 1 40.1 82 77
2 Mhoon sic 83.8 491 491
3 Commerce 1 37.9 116 114
4 Mhoon sicl 74.5 383 408
5 Sharkey c 76.3 441 470
6 Richland sil 159.4 1,400 1,730
7 Olivier sil 88.0 1,380 1,500
8 Lintonia sil 58.1 465 509
9 Gallion sil 16.4 104 103
10 Yahola sil 44.1 89 102
11 Miller sic 59.3 476 474
12 Yahola si 21.2 85 88
13 Yahola 1 57.7 238 243
14 Sharkey cl 49.8 416 463
15 Sharkey si 20.5 152 153
16 Sharkey sic 75.2 604 616
17 Sharkey 1 66.0 220 225
18 Crowley sil 126.6 548 571
19 Baldwin sicl 34.5 159 96
20 Mhoon sicl 1 on h149.7 566 578
21 Baldwin sicl 123.8 765 658
22 Baldwin sicl 116.0 612 600
23 Midland sicl 76.2 117 117
24 Richland sil 171.0 767 749
25 Commerce si 28.1 62 56
26 Iberia c 42.6 223 255
of soil bacteria. Similarly to ferric iron compounds, manganic com-
pounds were reduced to the more soluble manganous form either by
serving as biological electron acceptors or by being reduced chemically
by organic compounds produced during the anaerobic decomposition of
organic matter. According to Mann and Quastel {6) , both of these pro-
cesses occur. A striking feature of manganese reduction was that the
amount extracted after flooding was closely related to the amount ex-
tracted before flooding, as is shown in Figure 6. The regression coefficient
shows that there was an approximate six-fold average increase in extract-
able manganese as a result of submergence. The release of manganese
after flooding was considerably higher in the Pleistocene Terrace soils
(Richland, Olivier, Lintonia) than in the other soils. Manganese toxicity
to cotton and soybeans occurs on the Pleistocene Terrace soils. This
toxicity is most pronounced under conditions of poor aeration and
low pH.
The effect of added organic matter on the amount of manganese
extracted after submergence was inconsistent, ranging from an increase
of 330 parts per million in the Richland silt loam (Soil No. 6) to a
decrease of 107 parts per million in the Baldwin silty clay (Soil No. 21)
,
Table 6. A probable explanation as to why added organic matter did
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FIGURE 6.—Relation of extractable manganese after submergence to extractable man
ganese before submergence.
not more definitely increase manganese release may be that manganese
is easily reduced under submerged conditions as compared to iron;
consequently, additional organic matter was not necessary in order for
manganese reduction to proceed readily after submergence.
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TABLE 7.-Soil pH As Affected by Submergence for 30 Days With and Without Added
Organic Matter (0.25 Per Cent Ground Ck>rn Leaves)
pHi
Flooded, Flooded,
No. Soil n f\ IV^ oli\J V-/.iYl. aU-QcCl tj.ivi. aaaea
1 Commerce 1 6.85 6.90 7.60
2 Mhoon sic 6.45 6.77 7.00
3 Commerce 1 6.55 6.62 7.21
4 Mhoon sicl 6.60 6.69 6.99
5 Sharkey c 6.60 6.79 7.03
6 Richland sil 6.00 6.00 7.45
7 Olivier sil 6.15 6.85 7.25
8 Lintonia sil 6.15 6.40 7.20
9 Gallion sil 6.10 7.40 7.49
10 Yahola sil 7.95 7.90 7.23
11 Miller sic 7.65 7.35 7.42
12 Yahola si 7.90 7.55 7.65
13 Yahola 1 7.90 7.60 7.25
14 Sharkey cl 6.95 6.55 7.11
15 Sharkey si 7.67 7.55 7.48
16 Sharkey sic 6.05 6.70 7.05
17 Sharkey 1 6.45 7.02 7.28
18 Crowley sil 6.85 7.50 7.50
19 Baldwin sicl 4.85 5.35 6.50
20 Mhoon sicl 6.70 7.10 7.20
21 Baldwin sicl 5.20 6.69 6.95
22 Baldwin sicl 5.50 7.10 6.99
23 Midland sicl 6.65 7.31 7.06
24 Richland sil 5.65 6.40 7.50
25 Commerce si 6.50 7.06 7.51
26 Iberia c 5.20 5.94 6.80
lOne to one ratio of soil to distilled water.
pH
For most of the soils used in this study, soil pH was increased by
submergence (Table 7). Flooding increased the pH as much as 1.60
pH units in 30 days for the acid Baldwin silty clay loam (Soil No. 22) .
The production of hydroxyl ions as a result of the reduction of ferric
and manganic compounds and the production of ammonia can account
for pH rises of this magnitude in acid soils (7) . There were certain soils
in which flooding produced the reverse effect, namely, a decrease in pH.
These decreases occurred for six non-acid soils with original pH values
ranging from 6.95 to 7.95. The association between soil pH imme-
diately after submergence and pH 30 days after submergence is illustrated
in Figure 7. An analysis of the regression equation shows that, on the
average, soils with original pH values above 7.4 decreased in pH after
submergence and soils with original pH values below 7.4 increased in pH
after submergence. The tendency for soils of low pH to decrease in
acidity and for soils of high pH to increase in acidity upon submergence
suggests that the pH of a submerged soil tends to be buffered around
neutrality by substances produced as a result of submergence. Among
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FIGURE 7.-Relation of pH after submergence to pH before submergence.
the compounds that mav be active in this respect are ferrous carbonate
and ferrous hydroxide. The production of large amounts of feiTOus iron
during submergence and the sparing sokibiHtv of some ferrous salts ob-
viouslv have an effect on soil pH.
Organic matter favored the development of higher alkalinitv in most
cases. The increase in pH due to added organic matter was probabh the
result of an increased release of ammonia, ferrous iron, and manganous
manganese. A significant relationship existed between increase in pH
and increase in ammonia. The Pleistocene Terrace soils (Richland. Oliv-
ier, and Lintonia) exhibited the most pronounced increases in pH from
the addition of organic matter. The greatest increases in extractable am-
monia, ferrous iron, and manganese as a result of adding organic matter
also occurred in these soils.
Continued measurements of pH after 2, 3, and 4 months showed that
the large differences which occurred at 1 month as a result of added or-
ganic matter disappeared after 3 or 4 months of submergence.
Specific Conductivity
Specific conductivity values of 1/1 soil-water suspensions are shown in
Table 8. Submergence for 30 days increased the specific conductivity of
all the soils with the exception of the Sharkey silty clay (Soil No. 16)
and the Richland silt loam (Soil No. 24) . These two soils, which de-
creased in specific conductivity after submergence, were originally the
highest in nitrate nitrogen, and the decrease in conductivity can be
explained on the basis of the loss of nitrate through denitrification.
The specific conductivity 30 days after submergence was closely
related to the original organic matter content of the soil, as is shown in
Figure 8. Adding 0.25 per cent ground corn leaves also increased the
specific conductivity. Organic matter served to increase specific con-
ductivity in two ways: by the production of ionizable reduced organic
materials from the decomposition of organic matter, and by serving
as an energy source for the reduction of inorganic compounds to more
soluble forms.
TABLE 8.-Soil Specific Conductivity As Affected by Submergence for 30 Days With
and Without Added Organic Matter (0.25 Per Cent Ground Com Leaves)
Specific conductivity - mmhos per cm.i
No. Soil Initial
Flooded,
no O.M. added
Flooded,
O.M. added
1 Commerce 1 0.190 0.200 0.693
2 Mhoon sic 0.340 0.965 1.802
3 Commerce 1 0.150 0.208 0.901
4 Mhoon sicl 0.392 0.772 1.081
5 Sharkey c 0.772 1.351 1.802
6 Richland sil 0.130 0.284 0.540
7 Olivier sil 0.170 0.416 0.772
8 Lintonia sil 0.125 0.186 0.676
9 Gallion sil 0.136 0.318 0.60]
10 Yahola sil 0.270 0.386 0.901
11 Miller sic 0.450 0.845 1.081
12 Yahola si 0.229 0.318 0.676
13 Yahola 1 0.351 0.540 1.081
14 Sharkey cl 0.294 0.416 1.502
15 Sharkey si 0.211 0.284 0.711
16 Sharkey sic 0.872 0.676 1.351
17 Sharkey 1 0.273 0.416 0.901
18 Crowley sil 0.257 0.416 0.711
19 Baldwin sicl 0.284 0.540 0.772
20 Mhoon sicl 0.520 0.901 1.228
21 Baldwin sicl 0.520 0.901 1.228
22 Baldwin sicl 0.375 0.901 1.351
23 Midland sicl 0.300 0.540 0.901
24 Richland sil 0.397 0.300 1.081
25 Commerce si 0.222 0.225 0.772
26 Iberia c 0.552 1.081 1.502
lOne to one ratio of soil to distilled water.
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Redox Potential
The redox potential (Eh) values of the soils before and after 30 days
of submergence are shown in Table 9. Determinations made immediately
after submergence showed the redox potentials of the soils to range
from 424 millivolts in the Yahola sandy loam (Soil No. 12) to 634
millivolts in two Baldwin silty clay loam soils (Soils No. 19 and No. 21) .
There was a close relationship between the redox potential taken a few
minutes after submergence and the initial pH of the soil. This relation-
ship is illustrated in Figure 9. The Eh/pH slope was —61.8 millivolts per
pH unit. This is very close to the theoretical value of —60 millivolts per
pH unit for the oxygen system. These results for freshly wetted soils agree
with those reported by workers at the International Rice Research Insti-
tute (2) . Most of the variation in original redox potential under well-
aerated conditions was obviously due to differences in pH. Correcting
these initial redox potential values to pH 7.0 by means of the regression
equation shown in Figure 9 gives an initial redox potential for freshly
wetted soils of 503 millivolts.
TABLE 9.-Soil Eh As Affected by Submergence for 30 Days With and Without Added
Organic Matter (0.25 Per Cent Ground Corn Leaves)
Eh - millivolts
Flooded, Flooded,
No. Soil Initiali no O.M. added O.M. added
1 Commerce 1 +519 -238 -238
2 Mhoon sic +562 -234 -254
3 Commerce 1 +554 -236 -234
4 Mhoon sicl +474 -205 -241
5 Sharkey c +444 —241 -246
6 Richland sil +601 -239 -251
7 Olivier sil +546 -238 -256
8 Lintonia sil +589 -216 -234
9 Gallion sil +569 -226 -228
10 Yahola sil +461 -288 -251
11 Miller sic +476 -236 -284
12 Yahola si +424 -294 -291
13 Yahola 1 +444 -281 -276
14 Sharkey cl +492 - 94 -244
15 Sharkey si +477 -258 -268
16 Sharkey sic +592 -244 -246
17 Sharkey 1 +582 -226 -254
18 Crowley sil +516 -284 —266
19 Baldwin sicl +634 -206 -223
20 Mhoon sicl +491 -251 —254
21 Baldwin sicl +634 —246 -253
22 Baldwin sicl +579 -251 -246
23 Midland sicl +566 -244 -244
24 Richland sil +582 -236 -244
25 Commerce si +494 -254 -258
26 Iberia c +579 —216 -234
iMeasured immediately after flooding.
20
700
1
—
I
1
r
4.0 50 6.0 7.0 80
Initial pH
FIGURE 9—Relation of redox potential to pH before submergence.
As expected, redox potential after 30 days submergence indicated
highly reduced conditions. All of the soils except Sharkey clay loam
(Soil No. 14) had redox potentials below —200 millivolts. Added organic
matter had little effect in further reducing the potential except for the
above mentioned soil. The low organic matter content of this soil evi-
dently accounted for its relatively high redox potential after submer-
gence.
The soil redox potential 30 days after submergence was also pH de-
pendent (Figure 10). An Eh/pH slope of —36 millivolts per pH unit
was obtained. This is a considerably different slope than that which
existed immediately after submergence of the soils. Redox systems other
than the oxygen system were obviously functioning in these highly re-
duced soils.
The ability of the inorganic iron and manganese systems to buffer
the redox potential was studied. Manganese and iron have been cred-
ited with the capacity to buffer the redox potential of the soil: manga-
nese in the range 100 to —50 millivolts and iron in the range —50 to
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— 200 millivolts (2) . In this study iron proved to be effective in slowing
the fall of redox potential after submergence. The higher the amount of
reducible ferric iron, the greater the buffering effect, as measured by the
time required for the potential to fall to —200 millivolts (Figure 11).
No statistically significant relationship was established between the num-
ber of days required for the redox potential to fall to — 100 millivolts and
the amount of manganese released. The ferric-ferrous system appears
to be one of the dominant redox systems in soils insofar as retarding
the establishment of reducing conditions is concerned. The ability
of ferric iron to retard the redox potential fall is apparently due in part
to the large amount of reducible ferric iron present in most soils.
Because of its oxidizing ability, nitrate nitrogen should also serve
to retard the decrease in redox potential in a submerged soil. In the
soils studied no association was observed between the initial nitrate
content of the soils and the rate of decrease of redox potential. This may
have been due to the low nitrate content of most of the soils. A separate
study was made to determine what effect nitrate had on stabilizing
the redox potential of the soil. Samples of a Crowley silt loam were sub-
merged for 23 days and then received various rates of nitrate nitrogen.
The results of this experiment are shown in Figure 12. The potential of
all of the samples increased after nitrate was added. The sample which
received no nitrate showed a temporary potential rise due to the oxygen
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FIGURE 11.-Relation of amount of extractable ferrous iron after submergence to
time required for redox potential to decrease to -200 millivolts.
mixed in the soil when all samples were stirred at the time nitrate was
added. The elevation of redox potential persisted until all of the nitrate
was reduced. This required 11 days and 24 days for the samples re-
ceiving 50 and 200 parts per million, respectively. The potential of the
soil receiving nitrate nitrogen at the rate of 1,200 parts per million had
not fallen to its original highly reduced value after 72 days.
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FIGURE 12.—Effect of added nitrate on redox potential of submerged soil.
Extractable Phosphorus
Most soils showed an increase in extractable phosphorus after sub-
mergence. The effect of flooding ranged from an increase of 393 parts
per million in the Sharkey clay (Soil No. 5) to a decrease of 30 parts
per million in the Sharkey loam (Soil No. 17) (Table 10) . There was
a close relationship between the amount of phosphorus extracted before
submergence and the amount extracted after submergence (Figure 13).
The regression equation showed that there was an average increase of
21 per cent in extractable phosphorus due to submergence. The increase
in extractable phosphorus as a result of submergence is important in the
phosphorus nutrition of lowland rice and probably accounts for the
smaller response rice makes to added phosphate as compared to up-
land crops. A highly significant correlation existed between phosphorus
after flooding and soil organic matter content.
An interesting relationship existed between changes in extractable
phosphorus and changes in extractable ferrous iron as a result of sub-
mergence (Figure 14) . Increases in extractable phosphorus occurred only
in those soils that released large amounts of iron. There was no
appreciable increase in extractable phosphorus after submergence in
soils that released less than about 1,800 parts per million iron. An in-
crease in the release of iron beyond this point resulted in a marked
release of phosphate.
The phosphate released as a result of submergence was largely re-
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TABLE lO.-Extractable Phosphorus As Affected by Submergence for 30 Days With and
Without Added Organic Matter (0.25 Per Cent Ground Corn Leaves)
Phosphorus, parts per million
Flooded, Flooded,
No. Soil Initial no O.M. added O.M. added
1 Commerce 1 438 43y 41 8
2 Mhoon sic 375 533 OOU
3 Commerce 1 348 344
4 Mhoon sicl 409 C 1 1511 K9KD4D
5 Sharkey c 421
O 1 Qolo oiy
6 Richland sil 106 loo lyo
7 Olivier sil
1 hi;195 9 1 *?317 ooy
8 Lintonia sil OAyo 1 9fi140
9 Gallion sil l^o 1 f;9104 155
10 Yahola sil 314 9Q94oo 98514oo
11 Miller sic OrtD ooo 387
12 Yahola si OAS 947 24Q
13 Yahola 1 940 Otto 4 lO
14 Sharkey cl o41 511 0oiy 9A/t
15 Sharkey si 5? 514
16 Sharkey sic 9d.fi4tcO 348
17 anarKey i OlO 366
18 Crowley sil 0 1 914
19 Baldwin sicl 53 01yi inn
20 Mhoon sicl 770 995 1,050
21 Baldwin sicl 382 635 639
22 Baldwin sicl 267 440 451
23 Midland sicl 46 55 76
24 Richland sil 42 88 118
25 Commerce si 394 395 386
26 Iberia c 75 179 201
ductant soluble and "occluded" phosphate (3) , or phosphate coprecipi-
tated with ferric oxide. This phosphate was extractable only after the
ferric oxide had been reduced to the more soluble ferrous form. The
greatest percentage increase in phosphate release as a result of submer-
gence occurred in several of the more poorly drained soils. The better-
drained Recent alluvial soils (Commerce and Yahola) did not release
phosphate as a result of submergence.
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FIGURE 13.—Relation between extractable phosphate before submergence and extrac-
table phosphate after submergence.
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Summary
A study was made of the effects of submergence on several biological
and physicochemical properties of 26 Louisiana soils.
All soils reduced nitrate nitrogen under submerged conditions. Ni-
trate reduction rate was positively correlated with soil organic matter
and clay. Added organic matter generally increased the nitrate reduc-
tion rate.
Flooding the soil resulted in large increases in ammonia content.
The addition of 0.25 per cent corn leaves further increased the produc-
tion of ammonia.
Large quantities of iron were released in the ferrous form as a result
of submergence. Additional organic matter usually increased the release
of iron.
Approximately six times as much manganese was extracted from the
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soil after 30 days submergence as under air-dry conditions. Manganese
release under anaerobic conditions was especially high in the Pleistocene
Terrace soils.
Submergence tended to shift the soil pH to values near the neutral
point. In general, acid soils increased in pH after submergence and
alkaline soils decreased in pH after submergence.
Specific conductivity generally increased upon submerging the soil.
Decreases in specific conductivity after submergence occurred only for
soils initially high in nitrate nitrogen.
As expected, redox potentials decreased from high values imme-
diately after flooding to very low values after 30 days. Both initially and
after 30 days, the redox potential was closely related to soil pH. Iron
compounds in the soil were active in retarding the decline of redox po-
tential after submergence.
The potential of a highly reduced soil was increased by the addition
of nitrate. The potential did not fall to its previous value until all of the
nitrate was reduced.
Extractable phosphorus was about 21 per cent higher under reduced
conditions brought on by submergence. The increase in phosphate re-
lease as a result of submergence appeared to be related to the reduc-
tion of ferric compounds to the more extractable ferrous forms. Appre-
ciable phosphate release occurred only in those soils that released large
amounts of ferrous iron.
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